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Abstract 

Background: Essential tremor (ET) and Parkinson's disease (PD) are considered distinct disorders. Tlie ainn of tlie 
study was to look for a link or any distinguishing features by transcranial sonography (TCS), together with the 
clinical examination findings in a group of patients with overlapping phenotype of ET and PD (ET-PD). 

Methods: A prospective observational case-control study was carried out from the 3^^ January 201 1 until 30^^ January 
2013 at the Hospital of Lithuanian University of Health Sciences. The final study group consisted of 15 patients with 
ET-PD, 1 16 patients with ET-only and 141 patients with PD-only. The control group included 101 subjects. Clinical 
diagnosis was of a diagnostic standard. 

Results: The main ultrasonographic findings in the ET-PD group were similar to those of the PD-only: hyperechogenicity 
of the substantia nigra (66.7%, p< 0.001) and nuclei raphe interruptions/absence (38.5%, p< 0.001). The single 
distinguishing TCS finding in ET-PD group was a lentiform nucleus hyperechogenicity (26.7%), however this was 
only significant when compared to controls (p = 0.006). An asymmetrical onset of symptoms (73.3%) in ET-PD group 
was characteristic to PD-only. The ET-PD patients had the longest disease duration (median 6 years, p < 0.001), the most 
frequent rate of positive family history (53.3%, p = 0.005), rather low prevalence of cogwheel rigidity (26.7%, p < 0.001), 
and higher mean Hoehn & Yahr scores compared to PD-only (2.6 ± 0.8 vs. 1 .8 ± 0.8, p = 0.01 2). 

Conclusions: The main TCS findings of the present study in patients with overlapping ET-PD phenotype were similar 
to the PD-only group. The highest positive family history rate among ET-PD patients indicates a strong hereditary 
predisposition and needs genetic underpinnings. Some ET patients, who look like they may be developing co-morbid 
PD clinically, may have an alternative diagnosis for Parkinsonism, which could be delineated by TCS examination. 

Keywords: Essential tremor, Parkinson's disease, Hyperechogenicity of the substantia nigra, Phenotype, 
Transcranial sonography 



Background 

Essential tremor (ET) is one of the most common move- 
ment disorders, followed by Parkinsons disease (PD) [1,2]. 
ET affects up to 14% and PD up to 1% of the population 
aged 65 years and over [3,4]. ET and PD are considered 
distinct disorders. However, an overlap of some clinical 
features in individual patients may appear [5]. Since the 
diagnosis of both ET and PD remains based only on the 
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clinical criteria, many questions regarding a nosological 
association remain unanswered [4-11]. Misdiagnosis be- 
tween the two is still common due to a lack of objective 
differential measurement [12]. 

Another debated controversy is whether ET should be 
viewed as a mono-symptomatic ("benign") disorder, or 
whether it is a syndrome of several diseases including 
neurodegenerative [6,13,14]. PD can be sometimes viewed 
as "benign" in some tremor-dominant (TD) patients, as it 
progresses very slowly [9]. 

Some attempts were made to find specific biomarkers, 
which could help to differentiate or to link ET-PD patients 
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to ET-only, or PD-only. All the studies dealing with this 
issue, published until 2011, were summarized in a thorough 
review of Fekete and Jankovic [15]. A few studies were 
published later, which add valuable information, and 
questions. Patients with ET-PD obtained significantly 
lower scores compared to ET-only on several cognitive 
tests, and showed more frequent familial history, and 
lower levodopa responsiveness [16]. ET patients who 
develop PD may have distinct pre-PD motor features 
than their counterparts with ET who do not develop 
co-existing PD [17]. Although the results of a follow-up 
radionuclide imaging study with ^^^I-Ioflupane (DaTscan) 
in ET patients did not support the hypothesis of a link 
between ET and PD, but in ET patients striatal binding 
was significantly reduced compared to healthy controls 
[18]. The most recent post-mortem study of 89 ET patients 
reported that 11 (12.4%) had pathological findings of 
progressive supranuclear palsy (PSP) [19]. This raised 
other questions, whether ET patients are at an increased 
risk of developing PSP, and what proportion of ET patients 
who develop presumed PD or Alzheimer's disease, actually 
have PSP [19]. 

A hyperechogenicity of the substantia nigra (SN+) 
without any abnormalities in other brain structures is a 
common finding in transcranial ultrasound (TCS) of PD 
patients [20]. Recently, imaging by TCS has been recom- 
mended (European guidelines): 1) for the differential diag- 
nosis of PD from atypical or secondary parkinsonian 
syndromes (PS); 2) for early PD diagnosis, and 3) for the 
detection of subjects at risk for PD [21]. However, TCS 
shows the SN + in a percentage of non-PD patients. This 
echo feature is found in up to 26% of ET patients, compared 
to approximately 10% of healthy controls [20,22,23]. 

The aim of the study was to look for a link or any dis- 
tinguishing features by TCS. And to further elucidate 
the relationship between ET and PD, clinical examination 
findings in a group of patients who had already presented 
for a consultation with overlapping ET-PD phenotype were 
evaluated. 

Methods 

Design and subjects 

A prospective observational case-control study was per- 
formed during a period from the 3""^ of January 2011, until 
the 30^^ of January 2013, at the Hospital of Lithuanian 
University of Health Sciences (HLUHS, Kaunas, Lithuania). 
Initially, 433 subjects (332 patients and 101 controls) were 
referred for examinations from both Out-patient and 
In-patient units of the Neurology Department. Control 
subjects were recruited from the patients who were referred 
for carotid ultrasound and who had other neurological 
diseases, but not including movement disorders. 

After one year all medical records of the patients were 
reviewed to see if the treating neurologists made any 



changes to the final clinical diagnoses. Only the ET-PD 
patients were invited for a re-consultation after a year, they 
were all contacted by phone. After the study, if a patient of 
any other group did not come for a re-consultation, the 
diagnosis was classified as recorded at the time of the 
last visit. 

Of 332 patients directed for TCS, 46 patients (13.9%) 
were excluded from the study because of bilateral tem- 
poral acoustic bone insufficiency. In addition, 14 (4.9%) 
patients were excluded because their diagnoses changed 
or remained uncertain (N/A) after a follow-up: for 11 
(2.5%) diagnosis remained N/A, for 1 (0.2%) diagnosis 
converted to atypical PS, and for 2 (0.5%) patients diag- 
nosis changed to secondary PS. 

Thus, 373 subjects were eligible for the final analysis: 
272 patients and 101 controls. The patient group con- 
sisted of ET-PD (n = 15), PD-only (n = 141), and ET-only 
(n = 116). The higher percentage of all patients (68.3%) 
was referred for a de novo diagnosis. The majority of PD- 
only patients were at an early stage of the disease (80.1%). 
TD PD-only accounted for 48 (34%), non-TD-for 90 
(63.8%), while 3 cases (2.1%) were N/A. When describing 
PD subtypes in more details: 48 (34%) patients were TD 
PD-only, 34 (24.1%) -postural instability gait disorder pre- 
dominant (PIGD), 56 (39.7%)-mixed type, and the rest 
3 (2.1%) already mentioned cases were N/A. 

To serve the main purpose of the study, two important 
requirements were: 1) a full clinical characterization of the 
subset of patients with ET-PD phenotype; 2) an evaluation 
of TCS findings in order to determine the impact of 
this non-invasive, inexpensive, objective imaging tool 
in diagnostic and therapeutic decisions, when the latter 
phenotype is met in clinical practice. 

Ethics 

Before the study was initiated, permission was obtained 
from Kaunas Regional Research Ethics Committee (No 
BE-2-70). All subjects recruited gave a written informed 
consent. Additionally, a written agreement from the 
patients was obtained to reproduce the images and video 
material anonymously. 

Clinical approach 

During a visit of every subject, a neurological examination 
and a structured interview were performed (DS, BV, GD). 
The case history data included: duration of symptoms, 
topography, (a) symmetry, relation to voluntary move- 
ments, posture and task, heredity. The subjects were 
also asked about possible contact with toxic agents and 
history of head traumas. The most effective pharmaco- 
therapy was recorded. 

The diagnostic standard in our study was a clinical diag- 
nosis, made by a treating neurologist. Inclusion criteria 
were: >18 years of age, a clinical diagnosis of idiopathic 
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PD after follow up, which was based on widely accepted 
criteria: for probable PD-the United Kingdom Brain Bank 
criteria [24], for definite or classic ET-the consensus 
statement of the Movement Disorder Society [25], a 
clinical diagnosis with overlapping features of ET-PD 
(the Parkinsonian signs, such as bradykinesia, rest tremor, 
newly considered in previously diagnosed and well- 
documented ET-only patients), and TCS. Exclusion criteria 
were a bilateral temporal acoustic bone window insuffi- 
ciency in the TCS examination or diagnosis of atypical, 
heredo-degenerative (cerebellar included), secondary PS, 
dystonia and unclear diagnosis, which didn't meet the 
criteria for either ET or PD. 

When clinically the diagnosis was debated, for those 
patients DaTscan (General Electric Healthcare, the United 
Kingdom) imaging was performed at the HLUHS, the 
Department of Nuclear Medicine. For the atypical cases, 
brain computed tomography (CT) and/or magnetic reson- 
ance imaging (MRI, Siemens Magnetom Avanto Syngo, 
1.5 T) scans were made (RG). 

For a thorough assessment, both objective and subjective 
questionnaires were applied. The clinician-rated scales that 
we used included the Unified Parkinsons Disease Rating 
Scale (UPDRS), modified Hoehn and Yahr (H&Y) Stages 
Scale, and the Hospital Anxiety and Depression (HAD) 
Scale, the 36-item Short Form Survey (SF-36) that were 
self-rated [26-28]. 

Ultrasonographic approach 

TCS imaging was performed by one neurosonographer 
(KL). The sonographer was blinded to the clinical data, but 
still could see the examined subjects. We used a 2-5 MHz 
phased array transducer on a commercially available 
ultrasound system, Voluson 730 Expert (General Electrics 
Healthcare, Austria). With the subjects laid in a supine 
position, the transducer was placed over the pre-auricular 
temporal acoustic window bilaterally. The ultrasound 
beam was focused at a depth of 16.8/55Hz, manually 
adapting gain and degree of compression to allow optimal 
image quality at the mesencephalic, diencephalic and sella 
media planes. The SN + we classified by a plot of an area 
in cm^. The normative threshold values of the SN calcu- 
lated in our laboratory were <0.20 cm^ (mean + 1 standard 
deviation, SD) and <0.26 cm^ (mean + 2 SD) [29]. The 
SN + was treated when it was enlarged at least on one 
side. For the ventricular system, the normative values 
were as follows: the third ventricle (V3) diameter <1.0 cm 
(mean + 2 SD); the lateral ventricles (LV) <2.1 cm (mean + 
1 SD) (for the generation of the normative threshold values, 
see Additional file 1: Table SI). 

Statistical analyses 

An analysis was performed with a statistical package SPSS 
version 19.0 (IBM, USA). Descriptive statistics were given 



as absolute numbers, percentages, mean ± SD, median and 
interquartile range (IQR). Normality of the variables was 
explored by the Shapiro- Wilk test. For the comparisons of 
non-parametric data, the Kruskal-Wallis test was used. 
For parametric data, the means between three or four 
groups were compared by analysis of variance (ANOVA), 
and between two groups, the Student t test was used. For 
categorical data criterion was used. Correlation analysis 
of non-parametrical data was performed by Spearman's 
correlation, and of parametric, Pearson s. A p value of 
less than 0.05 was used as the criterion for statistical 
significance. 

Results 

Clinical findings 

The sample of the ET-PD patients accounted for 5.5% 
of all patients (15/272). The demographic and clinical 
characteristics of each patient of the ET-PD group are 
presented in Table 1. The mean age of ET-PD patients 
was 69 ± 9.6 years (yrs), 60% were female, median 
symptom duration was 6 yrs. In the ET-PD group, 11 
of 15 (73.3%) patients had asymmetrical distribution of 
tremor at onset. The disease for the majority of patients in 
the PD-only group (n = 122, 86.5%) started asymmetric- 
ally, whereas for the majority (n = 81, 73%) in ET-only, it 
was bilateral (x^ test, p < 0.001). Although, in the ET-only 
group some patients still did not fit into the category of 
classical ET-only, but exhibited the atypical features: 3 
(2.6%) had cogwheel signs, 3 (2.6%) pyramidal signs, 2 
(1.7%) postural instability and gait disorders, 2 (1.7%) sub- 
tle bradykinesia; and 31 (26.7%) had asymmetrical onset of 
tremor (x^ = 233.5, p < 0.001). Out of 15 ET-PD patients, 8 
(53.3%) had the onset of tremor after 50 yrs of age, and in 
10 (66.7%) of them the ET-type tremor was present >5 yrs 
before the onset of PD-related symptoms. For 11 (73.3%) 
of ET-PD patients the mixed type (an action and/or pos- 
ture plus of a rest) tremor-only was observed, and in 4 
(26.7%) -the signs of bradykinesia/hypokinesia were de- 
tected, combined to an action and/or posture tremor. The 
topography of tremor in ET-PD patients on examination 
was as follows: arm(s)-in 15 (100%), head-in 9 (60%), leg 
(s)-in 3 (20%), voice-in 2 (13.3%). In PD-only patients 
tremor involved arm(s) in 133 (94.3%), leg(s) in 78 
(55.3%), and head in 11 (7.8%) of cases (x^ test, p < 0.001). 
A positive cogwheel sign was present in only 4 (26.7%) of 
ET-PD patients. 

More than a half (n = 8, 53.3%) of ET-PD patients de- 
noted positive family history (FH) of tremor. Looking at 
the primary data (before an exclusion of the patients due 
to bilateral temporal acoustic bone insufficiency for 
TCS) in the ET-PD group (n = 17): none (0/17) of the 
patients from this group denoted positive family history 
of PD; 7/17 mentioned positive FH of ET type tremor 
among relatives: 6/17 tremor-mother (1 patient both 
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Table 1 The detailed demographic and clinical characteristics of every ET-PD patient 



No. 


Symp. durat. 


FH 


Topography 


Later. 


Extr. tone 


SN+ 


Pharmacotherapy 


1. 


43 


Yes 


H + A 


D 


Yes 


Yes 


DA, amantadine 200 mg, propranolol 80 mg 


2. 


6 


Yes 


H + A 


D 


No 


No 


DA, clorazepate 1 0 mg 


3. 


21 


No 


A + L 


B 


No 


Yes 


Propranolol 120 mg, clonazepam 2 mg 


4. 


3.5 


Yes 


H + A 


S 


No 


Yes 


L-Dopa, pregabaline 75 mg 


5. 


10 


No 


H + A 


D 


No 


Yes 


DA, bromazepam 1.5 mg, vit. E 


6. 


30 


Yes 


H + A 


D 


No 


No 


L-Dopa 


7. 


6 


No 


H + V + A 


D 


Yes 


Yes 


L-Dopa, DA, propranolol 80 mg, citalopram, 
clonazepam 0.25 mg 


8. 


10 


Yes 


A + L 


B 


Yes 


No 


L-Dopa, propranolol 80 mg 


9. 


11 


No 


H + A + L 


B 


Yes 


Yes 


L-Dopa, DA, rasagiline 1 mg 


10. 


15 


No 


A 


D 


No 


No 


Sertraline, Zolpidem 


11. 


3 


No 


A 


S 


No 


Yes 


Propranolol 40 mg 


12. 


45 


Yes 


A 


S 


No 


Yes 


L-Dopa, DA 


13. 


3 


Yes 


H + V + A 


D 


No 


Yes 


Clonazepam 2 mg, tiapride 150 mg 


14. 


1.5 


Yes 


H + A 


S 


No 


Yes 


Paroxetine, clonazepam 0.25 mg, vit. E, coenzyme QIO 


15. 


10 


No 


A 


B 


No 


No 


Gabapentine 100 mg, vinpocetine 20 mg, piracetam 400 mg, vit. E 



mother and brother, and 1 patient both mother and 
father), 1/17 tremor-grandmother. Thus, in the PD group 
(n = 165): altogether 25/165 had positive FH: 9 had FH of 
possible PD (5/9 mother, 1/9 brother, 1/9 sister, 1/9 grand- 
mother, 1/9 aunt); and 16 positive FH of ET type tremor 
(7/16 mother, 3/16 sister, 3/16 father, 1/16 aunt, 2/16- the 
data missing to whom of relatives exactly ET type tremor 
was positive). 

Levodopa (n = 6, 40%), dopamine agonists (DA, n = 6, 
40%), benzodiazepines (n = 6, 40%) and propranolol (n = 5, 
33.3%) were prescribed separately or in combinations for 
the patients with ET-PD. 

When comparing the ET-PD patient group to other 
groups of patients and controls (summarized in Table 2), 
statistically significant differences were found: between 
genders, there was a male (53.2%) predominance in 
PD-only, and a female (66.4%) in ET-only group (x^ test, 
p = 0.007); within symptom duration, which was the lon- 
gest (median 6 yrs) in the ET-PD group (Kruskal-Wallis 
test, p = 0.003); between the rate of positive family history, 
which was the most frequent (53.3%) in the ET-PD group 
(X^ test, p = 0.005); in cogwheel sign, which was the most 
frequently detected (91.5%) in PD-only group (x^ test, 
p < 0.001); in pyramidal signs, which were the most fre- 
quent (13%) both in ET-PD and PD-only groups (x^ test, 
p = 0.009); also there were differences in the mean H&Y 
scores with the higher (2.6 ± 0.8) in ET-PD group (t test, 
p = 0.021). When comparing TD to non-TD PD-only 
groups, they did not differ in any clinical or demographic 
aspects, except for H&Y scores, which were higher in 
non-TD (1.96 ± 0.74 vs. 1.6 ± 0.70, t test, p = 0.009). As ex- 
pected, the UPDRS part III points significantly differed 



between the PD-only vs. ET-only groups, with the highest 
scores being in the PD-only group (p = 0.021). We did not 
detect any significant differences in the results of the sub- 
jective clinimetric scales HAD and SF-36 subcomponents) 
between the patient groups, only to controls (Table 2). 

A correlative analysis, taking into account all the 
groups, revealed significant correlations between: an age 
and HAD-Depression (r = 0.22, p = 0.034); the duration of 
symptoms and HAD-Anxiety (r = 0.26, p = 0.009), H&Y 
scale (r = 0.4, p < 0.001), UPDRS part I (Mentation, Behavior 
and Mood) scores (r = -0.33, p = 0.043). 

Ultrasonographic findings 

The TCS findings in the patient groups and controls are 
given in Table 3. When comparing TD to non-TD PD- 
only patients, they differed in the mean largest SN 
(SNjviax) plots, which were higher for non-TD group 
(0.35 ± 0.17 vs. 0.28 ± 0.25 cm^ t test, p = 0.015). Signifi- 
cant differences were detected: between the frequency of 
disrupted/absent nuclei raphe (x^ test, p < 0.001), which 
were the most affected in ET-PD (38.5%) and PD-only 
(38.6%) groups; in hyperechogenic lentiform nucleus 
(LN+) rate, which was the most frequently (26.7%) ob- 
served in ET-PD group (x^ test, p = 0.006); within red 
nucleus hyperechogenicity rate (x^ test, p = 0.005), the 
most frequently visible in ET-only (17.2%) and the con- 
trol (18.8%) groups (probably because the SN + did not 
overtake its area). Specifically in the subgroup of ET- 
PD patients, to whom ET-type tremor presented >5 yrs 
before the onset of PD-related symptoms (n = 10), the 
LN + was detected in only 2/10 (20%) of them (x^ test, 
p = 0.088). 
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Table 2 Demographic and clinical characteristics of ET-PD patients in comparison to ET-only, PD-only patients and controls 



Demographic and 
clinical characteristics 


ET-PD (n = 15) 


Patients (n = 272) 
ET-only (n = 116) 


PD-only (n = 141) 


P value* 


Controls (n = 101) 


P value^ 


Age, y 


69 ± 9.6 


63.9 ±14.4 


64.4 ± 1 1 .2 


NS 


61.7 ± 12.4 


NS 


Gender (male) 


6 (40) 


39 (33.6) 


75 (53.2) 


0.007 


56 (55.4) 


0.004 


Sympt. duration y 


6(3-15) 


5 (1-10) 


3(1-6) 


0.003' 


N/A 


N/A 


Family history + 


8 (53.3) 


35 (31.3) 


23 (17) 


0.005 


4 (4.3) 


<0.001 


Toxic exposure 


3(20) 


19 (16.4) 


23 (16.3) 


NS 


16 (15.8) 


NS 


Living in rural 


4 (26.7) 


19 (16.4) 


29 (20.6) 


NS 


16 (15.8) 


NS 


Cogwheel sign 


4 (26.7) 


3 (2.6) 


129 (91.5) 


<0.001 


0(0) 


<0.001 


Pyramidal signs 


2 (13.3) 


3 (2.6) 


19 (13.5) 


0.009 


10 (9.9) 


0.025 


H&Y stage 


2.6 ± 0.8 


N/A 


1 .8 ± 0.8 


0.012 


N/A 


N/A 


UPDRS part 1 


1 (0-1) 


1 (0-3) 


3(1-4) 


NS 


N/A 


N/A 


UPDRS part II 


5 (4-6) 


13 (12-13) 


11 (7-16) 


NS 


N/A 


N/A 


UPDRS part III 


5 (3-6) 


4(1-6) 


14(9-20) 


0.021^ 


N/A 


N/A 


HAD-Anxiety 


1 (1-8) 


6 (2-10) 


8(5-11) 


NS 


5 (3-8) 


NS 


HAD-Depression 


4 (4-7) 


4 (2-6) 


6 (4-9) 


NS 


3(1-7) 


NS 


SF36-PF 


53.3 ± 17.6 


52.3 ±31.8 


45.9 ±25.3 


NS 


70 ± 24.2 


0.001 


SF36-RLPF 


16.7 ±28.9 


33.1 ±29 


33.3 ±27 


NS 


50.2 ± 29.4 


0.020^ 


SF36-RLEF 


33.3 ±57.7 


51. 4 ±30 


40.8 ± 34.2 


NS 


59 ±32.2 


NS" 


SF36-EF 


43.3 ± 10.4 


43.8 ± 24.8 


44.5 ±19.4 


NS 


58.8 ±17.1 


0.007^ 


SF36-EW 


66.7 ± 38.9 


52.5 ± 26 


53.7 ±19.3 


NS 


64.7 ± 15.8 


NS9 


SF36-SF 


58.3 ± 19.1 


57.3 ±31.5 


53.8 ± 24.9 


NS 


75.7 ±46.7 


0.050^ 


SF36-P 


66.7 ±18.8 


65.7 ±26.7 


49.5 ± 30.7 


NS 


61.7 ±28.2 


NS 


SF36-GH 


28.3 ± 2.9 


35 ±19.4 


31.1 ±16.9 


NS 


49.1 ±18.5 


<0.00V 



Values are presented as mean ± SD or median with IQR, and numbers (percentages). p values were counted comparing 3 groups of patients, *- p values were 
counted comparing 4 groups of subjects where available. 

The post hoc multiple comparisons between the groups by Tukey HSD and LSD tests revealed significant differences: 

^"ET-PD vs. PD-only p = 0.001, 95% CI 2.8-13.1, ET-only vs. PD-only p = 0.002, 95% CI 1.12-5.87; ^-LSD test only PD vs. ET-only p = 0.009, 95% CI 2.32-15.61; ET-PD vs. 
ET-only p = 0.008, 95% CI 4.86-31 .08; ^-PD-only vs. control group p = 0.001, 95% CI 8.37-39.88; ''-PD-only vs. control group p = 0.05, 95% CI 0.01-33.83; ^-LSD test 
only, PD-only vs. control group p = 0.018, 95% CI 3.16-33.19; ^-PD-only vs. control group p = 0.011, 95% CI 2.48-26.16; ET-only vs. control group p = 0.024, 95% CI 
1 .46-28.67; ^-LSD test only, PD-only vs. controls p = 0.021 , 95% CI 1 .66-20.1 9; ET-only vs. controls p = 0.026, 95% CI 1 .46-22.76; ^-PD-only vs. control group p = 0.039, 95% CI 
0.77-43.1 ; '-PD-only vs. controls p < 0.001 , 95% CI 7.24-28.62; ET-only vs. controls p = 0.01 8, 95% CI 1 .77-26.34; LSD test only, PD-only vs. ET-only p = 0.031 , 95% CI 1 .52-30.94. 



DaTscan imaging was performed to 6 (40%) patients 
from the ET-PD group. For 3/6 (50%) patients a clearly 
reduced asymmetrical striatal radioligand binding was 
detected, i.e. signs for the degenerative Parkinsonism, for 
2/6 (33.3%) - without evidence of dopaminergic dysfunc- 
tion on DaTscan, and for 1/6 (16.7%) the patient-DaTscan 
result was debated, without a clear conclusion. 

A correlative analysis, taking into account all the groups 
together, revealed a significant relationship between: 
the age and V3 diameter (r = 0.23, p < 0.001), the right 
(r = 0.18, p = 0.004) and also the left LV diameters (r = 0.25, 
p< 0.001); the SNmex plot and V3 diameter (r = 0.15, 
p = 0.04). 

Discussion 

The main echo findings of the present study in the pa- 
tients with overlapping ET-PD phenotype, were similar 
to PD-only group, as more than two thirds (66.7%) of 



ET-PD patients had the SN -h at a threshold value >0.20 cm^, 
and raphe nuclei interruptions or absence were detected 
in 38.5%. From the ultrasonographic comparative point, 
the closest comparison to our study was the recent inves- 
tigation by Kim et al, focusing on TCS in 47 PD-only and 
64 ET-only patients, in relation with putative pre-motor 
symptoms of PD [23]. The authors detected a significant 
association between SN -h and each pre-motor symptom 
in the ET-only group, linking the results that SN -h in 
patients with ET is influenced by the putative pre-motor 
symptoms of PD [23]. Combining the most prevalent 
non-motor features for PD to TCS imaging, including ol- 
factory, autonomic (gastrointestinal) dysfunction, depres- 
sion with anxiety and REM sleep behavioural disorder, 
would prove very useful [22,30]. 

The single distinguishing TCS feature, was an increased 
frequency (26.7%) of detected LN -h in the group of pa- 
tients with ET-PD (Figure 1), however significant when 



Lauckaite et al. BMC Neurology 2014, 14:54 
http://www.bionnedcentral.conn/1471-2377/14/54 



Page 6 of 9 



Table 3 Ultrasonographic (TCS) findings in the groups of patients and control subjects 

TCS parameters Patients (n = 272) P value* Controls (n = 101) P value* 





ET-PD (n = 15) 


ET-only (n = 116) 


PD-only (n = 141) 








SNr cm^ 


0.22 ±0.1 2 


0.20 ±0.11 


0.27 ±0.14 


<0.001' 


0.1 5 ±0.09 


<0.001'^ 


SNl cm^ 


0.27 ±0.1 5 


0.23 ±0.14 


0.31 ±0.16 


0.001^ 


0.1 6 ±0.09 


<0.001'^ 


SNMax cm^ 


0.30 ±0.1 6 


0.24 ±0.1 4 


0.34 ±0.16 


<0.001' 


0.1 8 ±0.09 


<0.001^ 


SNMax ^0.20 cm" 


10 (66.7) 


49 (42.2) 


106 (75.2) 


<0.001 


18 (17.8) 


<0.001 


SNjviax ^0.26 cm" 


8 (53 3) 


38 (32.8) 


89 (63.1) 




1 1 (10.9) 




V3 cm 


0.69 ±0.31 


0.58 ± 0.28 


0.58 ± 0.27 


NS 


0.53 ± 0.25 


NS^ 


LVr cm 


1.81 ±0.3 


1 .82 ± 0.26 


1.78 ±0.24 


NS 


1 .79 ± 0.26 


NS 


LVl cm 


1 .78 ± 0.26 


1.81 ±0.3 


1.75 ±0.24 


NS 


1 .74 ± 0.26 


NS 


Raphe - or +/- 


5 (38.5) 


22 (20) 


51 (38.6) 


0.007 


11 (13.1) 


<0.001 


Caudate + 


0(0) 


2(1.7) 


2(1.4) 


NS 


0(0) 


NS 


Lentiform + 


4 (26.7) 


20 (17.2) 


12 (8.5) 


NS 


4(4) 


0.006 


Thalamus + 


2(13.3) 


10 (8.6) 


10 (7.1) 


NS 


10 (9.9) 


NS 


Red nucleus + 


1 (6.7) 


20 (17.2) 


9 (6.4) 


0.008 


19 (18.8) 


0.005 



Values are presented as mean ± SD or numbers (percentages). *-p values were counted comparing 3 groups, *-p values were counted comparing 4 groups. 
The post hoc multiple comparisons by Tukey HSD and LSD tests showed statistically significant differences between the latter groups: 

^-ET-only vs. PD-only p < 0.001, 95% CI 0.03-0.1 1; ^-ET-only vs. PD-only p < 0.001, 95% CI 0.03-0.12; ^-ET-only vs. PD-only p < 0.001, 95% CI 0.04-0.13; ""-ET-only vs. 
PD-only p < 0.001, 95% CI 0.03-0.1 1; ET-only vs. controls p = 0.032, 95% CI 0.003-0.09; PD-only vs. controls p < 0.001, 95% CI 0.07-0.16; ^-ET-only vs. PD-only p < 0.001, 
95% CI 0.03-0.1 2; ET-only vs. controls p = 0.03, 95% CI 0.02-0.1 2; PD-only vs. controls p < 0.001, 95% CI 0.1-0.2; ^-ET-only vs. PD-only p < 0.001, 95% CI 0.04-0.13; ET-only 
vs. controls p = 0.003, 95% CI 0.02-0.12; PD-only vs. controls p < 0.001, 95% CI 0.1-0.2; by LSD only ET-PD vs. controls p = 0.019, 95% CI 0.02-0.17; ^-LSD test only ET-PD 
vs. controls p = 0.042, 95% CI 0.005-0.303. 




Figure 1 Images of a patient with ET-PD-RLS, suggesting an alternative diagnosis of parkinsonism after paraclinical tests. 

A-cranial MR!, T2W, B-cranial CT, markedly hyperintensive signals bilaterally in the lentiform nucleus (white arrows), C-TCS, mesencephalic 
plane, moderate SN and red nucleus hyperechogenicity (white arrow), D-TCS, diencephalic plane, bilaterally markedly hyperechogenic 
lentiform nuclei (white arrows). 

V J 
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compared to controls only (x^ test, p = 0.006). Usually 
such ultrasonographic findings are characteristic to PS 
[20,21]. In the study of Behnke et al, unilateral or bi- 
lateral LN + was found in 13/18 (72.2%) patients with 
PSP, in 23/32 (71.9%) patients with parkinsonian variant 
of multisystem atrophy (MSA-P), and in only 10 of 88 
(11.4%) patients with idiopathic PD [31]. Taking into ac- 
count the SN echogenicity and V3 diameter, the normal 
SN indicated MSA-P rather than PD, whereas V3 dilata- 
tion of >1.0 cm in combination with LN-i- indicated PSP 
rather than PD [32] . In the present study, when analyzing 
the subgroup of ET-PD patients, to whom ET-type tremor 
presented >5 yrs before the onset of PD-related symp- 
toms, TCS helped to reveal the LN + in only 2/10 (20%) of 
them, this was indistinguishable even from the control 
group (p = 0.088). This is probably because a few patients, 
with a short disease duration (<5 yrs), who looked like 
they may be developing co-morbid PD clinically, may have 
had alternative diagnosis for PS (and were misclassified as 
having ET-PD). See an illustrative case (Figure 1) with 
clinical ET-PD plus restless legs syndrome (ET-PD-RLS), 
where different imaging methods were applied and the 
findings were described, suggesting an alternative diagno- 
sis-idiopathic basal ganglia calcification (IBGC). Chrono- 
logically, first of all, cranial MRI was performed to this 
patient at another hospital, which was evaluated as 
normal, the patient was subsequently diagnosed as having 
ET-PD plus RLS at HLUHS and was then referred for 
TCS examination, followed by cranial CT scan, which 
confirmed TCS findings. These echo findings in ET-PD 
group have similarities to the results of the recent post- 
mortem study, where in 12.4% (11/89) of the ET patients 
atypical PS pathological findings were detected (ET-PSP) 
[19]. Also the frequency of pyramidal signs in our study, 
which were the most often detected (13%) both in ET-PD 
and PD-only groups (p = 0.009), might also indicate an 
alternative diagnosis in some cases (excluding those, to 
whom pyramidal signs can be explained by the central 
spinal stenosis with myelopathy, acute or residual cere- 
brovascular events and post-traumatic residual signs). 

The significant differences between the patient groups 
were detected when comparing clinical results. In the 
ET-PD group male to female rate was closer to PD-only 
(40% and 53.2% respectively). There were similarities in 
the duration of symptoms between the ET-PD and ET-only 
groups (median 6 yrs and 5 yrs respectively). Chaudhuri 
et al. showed that longstanding isolated asymmetrical pos- 
tural tremor may evolve to PD, and this was supported in 

5 of the 13 reported cases (38%) by abnormal radionuclide 
imaging [33] . Whereas in 5 out of 24 cases, uncertain par- 
kinsonian signs and normal imaging led to a change of the 
diagnosis to ET [33]. DaTscan imaging was performed to 

6 (40%) patients from the ET-PD group, and for the ma- 
jority (3/6, 50%) of patients a clearly reduced asymmetrical 



striatal radioligand binding was detected, i.e. signs for the 
degenerative Parkinsonism, thus for 2/6 (33.3%) - without 
clear evidence of dopaminergic dysfunction on DaTscan. 
Ceravolo et al emphasized that the clinical presentation of 
isolated tremors (of unilateral postural, unilateral mixed 
or unilateral rest) is insufficient to allow a precise early- 
stage diagnosis, as PD tremor could be very different 
ranging from typical rest to unilateral postural or mixed 
tremor, whereas detection of presynaptic dopaminergic 
dysfunction by SPECT could lead to diagnosis of atypical 
tremor disorders at very early stage [34]. 

According to the UPDRS part III points, the significant 
differences were detected between PD-only vs. ET-only 
groups as expected, with the highest scores, in PD-only 
group (p = 0.021). There were no significant differences 
between ET-PD vs. PD-only groups, with just a tendency 
of the less severe Parkinsonism in ET-PD patients than 
that of PD patients (median 5 vs. 14 points). The similar 
findings were detected in a retrospective study by Simoes 
and colleagues [17]. 

A positive family history rate was highest in the ET-PD 
group. This feature was similar to ET-only group (53.3% 
and 31.3% respectively). Even though ET is one of the 
most common genetic disorders, it is yet to be identified 
as being a specific gene mutation. Puschmann et al. exten- 
sively investigated large kindred whose family members 
had PD, ET, RLS and depression, an overlap (mainly ET-PD 
or PD-RLS) was detected in 64% (7/11) of these individuals 
[35]. The fact that the risk of ET is significantly increased 
in relatives of patients with PD, suggests the possibility that 
both conditions are genetically related and probably share 
common hereditary predisposition [6]. In the recent study 
of Barut et al., the patients with ET-PD displayed a higher 
frequency of familial tremor history, as was recorded in our 
study [16]. The same authors also found significantly lower 
scores compared to the ET-only group on several cognitive 
tests, and lower levodopa responsiveness [9,16]. 

Our sample of the ET-PD patients, which accounted 
for only 5.5% of all patients, was small (rare phenotype) 
and quite heterogeneous itself. The small number of cases 
with this phenotype was also reported in other studies: 
n = 9 [16], and n = 18 out of 387 cases with Parkinson 
and 110 with tremor [17]. This causes speculation to 
support the hypothesis that the linkage between the two 
separate disorders could be rather coincidental [8]. How- 
ever, to clearly support or deny the hypothesis about the 
higher risk for the patients with ET-only to develop PD, 
another study design (a larger cohort, follow-up) is 
necessary. 

For most of the ET-PD patients the anti-parkinsonian 
medications that were prescribed (60%), less than a half 
(40%) responded well to levodopa, and the majority 
(66.7%) required additional medications traditionally used 
for ET. 
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We noticed a dissociation between the presence of a 
positive cogwheel rigidity in 267% of the ET-PD patients 
vs. 91.5% in the PD-only group, but a much higher mean 
of H&Y scores (2.6 ± 0.8 vs.1.8 ± 0.8 respectively). More- 
over, in the majority of the ET-PD group, 11/15 (73.3%) 
of patients had asymmetrical distribution of tremor, and 
8/15 (53.3%) had an onset of tremor after 50 yrs. The 
results of the radionuclide imaging study by Coria et al. 
suggested that the current diagnostic criteria for ET 
should be revised to include asymmetry and late-onset 
tremor as predictors of nigrostriatal denervation [10]. 
This is because often found isolated action tremor is a 
frequent presenting symptom in a subset of individuals 
with PD, who are often misdiagnosed as having ET 
[10,34]. 

The main limitations of our study were that there was 
no pathological or functional imaging confirmation for 
all ET-PD patients. Also there was a limited time for a 
follow-up. 

Conclusions 

The main TCS findings of the present study in patients 
with overlapping ET-PD phenotype were similar to 
PD-only group, taking into account the rate of the SN + 
and of the red nucleus, the raphe nuclei disruptions or ab- 
sence. The clinical features linking ET-PD to PD-only 
group were an asymmetrical and late-onset tremor for the 
majority of ET-PD patients, and the presence of a rest 
tremor on examination. Some ET patients, who look like 
they may be developing co-morbid PD clinically, may have 
alternative diagnosis for Parkinsonism, which can be 
delineated by TCS examination. The highest positive 
family history rate among ET-PD patients, compared to 
ET-only and PD-only groups, indicates strong hereditary 
predisposition and needs genetic underpinnings. An 
addition of longitudinal follow-up studies is substantially 
needed to increase diagnostic certainty, also the confirma- 
tory neuropathological studies of ET-PD clinical pheno- 
type are required to describe and quantify the pathological 
changes. 

Additional file 



Additional file 1: Table 51. Normative reference TCS values at the 
Hospital of Lithuaniar^ Ur^iversity of Health Sciences. 



Abbreviations 

Essential tremor; PD: Parkinson's disease; El-PD: Overlapping phenotype with 
both CTand PD features; PS: Parkinsonian syndrome; PSP: Progressive 
supranuclear palsy; MSA-P: Multisystem atrophy, parkinsonian variant; RLS: Restless 
legs syndrome; GT: Computed tomography; MRI: Magnetic resonance imaging; 
DaTscan: Single photon computed tomography with ^^^l-loflupane; 
TCS: Transcranial sonography; SN: Substantia nigra; LN: Lentiform nucleus; 
NR: Raphe nuclei; VL: Lateral ventricle; V3: Third ventricle; TD: Tremor dominant; 
H&Y: Hoehn and Yahr stage scale; UPDRS: The Unified Parkinson's disease 
Rating Scale; HAD: Hospital Anxiety and Depression Rating Scale; SF36: 36-item 



the Quality of Life Questionnaire, short form; PF: Physical function; RLPF: Role 
limitations physical functioning; EF: Emotional function; RLEF: Role limitations 
emotional functioning; SF: Social functioning; EW: Emotional vitality; P: Bodily 
pain; GH: General health; KL: Kristina Lauckaite; DR: Daiva Rastenyte; 
DS: Danguole Surkiene; BV: Birute Vaidelyte; GD: Gabriele Dambrauskaite; 
AS: Andrius Sakalauskas; AV: Antanas Vaitkus; RG: Rymante Gleizniene; 
SD: Standard deviation, 95% CI- 95% confidence interval; IQR: Interquartile 
range; yrs: Years; HLUHS: The Hospital of Lithuanian University of Health 
Sciences; NS: Not significant; N/A: Not applicable; FH: Family history; H: Head; 
A: Arm; V: Voice; L: Leg; D: Right; S: Left; B: Bilateral; Symp. durat: Symptom 
duration; Lat: Lateralization; Extr.: Extrapyramidal; L-Dopa: Levodopa; 
DA: Dopamine receptor agonists; + hyperechogenic: - or +/- absent or 
disrupted; Max.: Biggest; FH: Family history. 

Competing interests 

KL received speaker honoraria from GlaxoSmithKline for giving a lecture about 
diagnostics of Parkinson's disease. BV received a research grant from the 
Research Council of Lithuania for an analysis of the non-motor symptoms 
in parkinsonian disorders (No SMT12P-163). Other authors declare no 
competing interests. 

Authors' contributions 

KL made ultrasound evaluation, conceived of the study, performed the 
statistical analysis, drafted the manuscript. BV, GD and DS performed clinical 
evaluation of the patients and controls, applied the scales and interviews. 
RG performed brain MRI and CT imaging. AS helped with preparing the 
draft of the manuscript AV participated in the design of the study. 
DR participated in its design and coordination, also revised the manuscript 
critically. All authors read and approved the final manuscript. 

Acknowledgements 

We thank Dr. Kristina Jureniene who gave the statistical advises, Mrs. Linda 
Childs and Mr. Clifford Michael Childs for the English grammar corrections, 
and all colleagues from the Department of Nuclear Medicine (especially Dr. 
Gintaras Kuprionis, Dr. Nemira Jurkiene) for their help with functional 
imaging. 

Author details 

^Department of Neurology, Lithuanian University of Health Sciences, 
Academy of Medicine, Mickeviciaus street 9, Kaunas LT-44307, Lithuania. 
^Kaunas University of Technology, Biomedical Engineering Institute, Studentij 
street, Kaunas, Lithuania. ^Department of Radiology, Lithuanian University of 
Health Sciences, Academy of Medicine, Mickeviciaus street 9, Kaunas, 
Lithuania. 

Received: 24 August 2013 Accepted: 17 March 2014 
Published: 22 March 2014 

References 

1. Zeuner KE, DeuschI G: An update on tremors. Curr Opin Neurol 2012, 
25:475-482. 

2. Marras C, Tanner CM: Epidemiology of Parkinson's disease. In Movement 
Disorders. Edited by Watts RL, Standaerdt DG, Obeso JA. New York: 
McGraw-Hill Medical; 2011:169-193. 

3. Wenning GK, KiechI S, Seppi K, Muller J, HogI B, Saletu M, Rungger G, 
Gasperi A, Willeit J, Poewe W: Prevalence of movement disorders in men 
and women aged 50-89 years (Bruneck Study cohort): a population-based 
study. Lancet Neurol 2005, 4:815-820. 

4. Louis ED, Marder K, Cote L, Wilder D, Tang MX, Lantiqua R, Gurland B, 
Mayeux R: Prevalence of a history of shaking in persons 65 years of age 
and older: diagnostic and functional correlates. Mov Disord 1996, 
11:63-69. 

5. Shahed J, Jankovic J: Exploring the relationship between essential tremor 
and Parkinson's disease. Parkinsonisnn Helot Disord 2007, 13:67-76. 

6. Jankovic J: Current concepts in Parkinson's disease and other movement 
disorders. Curr Opin Neurol 2012, 25:429-432. 

7. Louis ED, Faust PL, Vonsattel JP, Honig LS, Rajput A, Robinson CA, Rajput A, 
Pahwa R, Lyons KE, Ross GW, Borden S, Moskowitz CB, Lawton A, Hernandez 
N: Neuropathological changes in essential tremor: 33 cases compared 
with 21 controls. Brain 2007, 130:3297-3307. 



Lauckaite et al. BMC Neurology 2014, 14:54 Page 9 of 9 

http://www.bionnedcentral.conn/1471-2377/14/54 



12. 



13. 



14. 



16. 



17. 



8. Adier CH, Shill HA, Beach TG: Essential trennor and Parl<inson's disease: 
lacl< of a linl<. Mov Disord 201 1, 26:372-377. 

9. Grosset DG, Grosset KA, Okun MS, Fernandez HH: Clinical diagnosis of 
parkinsonism and tremor. In Parkinson's disease: clinician's desl< reference. 
Edited by Grosset DG, Grosset KA, Okun MS, Fernandez HH. London: 
Manson publishing Ltd; 2009:25-45. 

10. Coria F, Gimenez-Garcia M, Samaranch L, Mora FJ, Sampol-Bas C, Pastor P: 
Nigrostriatal dopaminergic function in subjects with isolated action 
tremor. Parl<insonisnn Relat Disord 2012, 18:49-53. 

1 1 . Jain S, Lo SE, Louis ED: Common misdiagnosis of a common neurological 
disorder: how are we misdiagnosing essential tremor. Arcli Neurol 2006, 
63:1100-1104. 

Wu Y, Ding J, Gao Y, Chen S, Li L, Li R: Mini review: linkages between 
essential tremor and Parkinson's disease? Front Cell Neurosci 2013, 7:1-5. 
Shill HA, AdIer CH, Beach TG: Pathology in essential tremor. Parkinsonisnn 
Relat Disord 20]2, 18(Suppl 1):135-137. 

Shill HA, AdIer CH, Sabbagh MN, Connor DJ, Caviness JN, Hentz JG, Beach 
TG: Pathologic findings in prospectively ascertained essential tremor 
subjects. Neurology 2008, 70:1452-1455. 

Fekete R, Jankovic J: Revisiting the relationship between essential tremor 
and Parkinson's disease. Mov Disord 201 1, 26:391-398. 
Ozen Barut B, Gunal Dl, Turkmen C, Mollahasanoglu A, Ankarali H: 
Clinical and cognitive profiles of patients with both Parkinson's 
disease and essential tremor. Acta Neurol Beig 201 3, 1 1 3:1 1 7-1 25. 
Simoes RM, Constantino A, Gibadullina E, Houghton D, Louis ED, Litvan I: 
Examining the motor phenotype of patients with both essential tremor 
and Parkinson's disease. Tremor Other Hyperkinet Mov (N Y) 2012, 
2:tre-02-47-149-3. 

18. Gerasimou G, Costa DC, Papanastasiou E, Bostanjiopoulou S, Arnaotoglou M, 
Moralidis E, Aggelopoulou T, Gotzamani-Psarrakou A: SPECT study with 
l-123-loflupane (DaTSCAN) in patients with essential tremor: is there any 
correlation with Parkinson's disease? Ann NucI Med 2012, 26:337-344. 

19. Louis ED, Babij R, Ma K, Cortes E, Vonsattel JP: Essential tremor followed by 
progressive supranuclear palsy: postmortem reports of 1 1 patients. 

J Neuropathol Exp Neurol 201 3, 72:8-1 7. 

20. Bouwmans AEP, Vlaar AMM, Srulijies K, Mess WH, Weber WEJ: Transcranial 
sonography for the discrimination of idiopathic Parkinson's disease from 
atypical parkinsonian syndromes. In Transcranial Sonography in Movement 
Disorders, Volume 10. Edited by Berg D, Walter U, International Review of 
Neurobiology. New York: Academic Press; 2010:122-147. 

21. Berardelli A, Wenning GK, Antonini A, Berg D, Bloem BR, Bonifati V, Brooks 
D, Burn DJ, Colosimo C, Fanciulli A, Ferreira J, GasserT, Grandas F, Kanovsky 
P, Kostic V, Kulisevsky J, Oertel W, Poewe W, Reese JP, Reija M, Ruzicka E, 
Schrag A, Seppi K, Taba P, Vidailhet M: EFNS/MDS-ES recommendations for 
the diagnosis of Parkinson's disease. Eur J Neurol 2013, 20:16-34. 

22. Busse K, Heilmann R, Kleinschmidt S, Abu-Mugheisib M, Hoppner J, Wunderlich 
C, Gemende I, Kaulitz L, Wolters A, Benecke R, Walter U: Value of combined 
midbrain sonography, olfactory and motor function assessment in the 
differential diagnosis of early Parkinson's disease. J Neurol Neurosurg 
Psychiatry 201 2, 83:441-447. 

23. Kim JS, Oh YS, Kim Yl, Koo JS, Yang DW, Lee KS: Transcranial sonography 
(TCS) in Parkinson's disease (PD) and essential tremor (ET) in relation 
with putative premotor symptoms of PD. Arch Gerontol Geriatr 2012, 
54:e436-e439. 

24. Hughes AJ, Daniel SE, Kilford L, Lees AJ: Accuracy of clinical diagnosis of 
idiopathic Parkinson's disease: a clinico-pathological study of 100 cases. 

J Neurol Neurosurg Psychiatry 1992, 55:181-184. 

25. DeuschI G, Bain P, Brin M: Consensus statement of the movement 
disorder society on tremor: Ad Hoc scientific committee. Mov Disord 
1998, 13(Suppl 3):2-23. 

26. Fahn S, Elton RL: The Unified Parkinson's Disease Rating Scale. In Recent 
developments in Parkinson's disease. Edited by Fahn S, Marsden CD, Calne 
DB, Goldstein M. Florham Park, NJ: Macmillan Health Care Information; 
1987:153-164. 

27. Goetz CG, Poewe W, Rascol 0: Movement disorder society task force 
report on the Hoehn and Yahr staging scale: status and 
recommendations. Mov Disord 2004, 19:1020-1028. 

28. Zigmond AS, Snaith RP: The hospital anxiety and depression scale. 

Acta Psychiatr Scand 1983, 67:361-370. 

29. Lauckaite K, Rastenyte D, Surkiene D, Vaitkus A, Sakalauskas A, Lukosevicius 
A, Gleizniene R: Specificity of transcranial sonography in parkinson 



spectrum disorders in comparison to degenerative cognitive syndromes. 

BMC Neurol 2012, 12:12. 

30. Giorelli M, Bagnoli J, Consiglio L, Lopane M, Zimatore GB, Zizza D, Difazio P: 
Do non-motor symptoms in Parkinson's disease differ from essential 
tremor before initial diagnosis? A clinical and scintigraphic study. 
Parkinsonism Relat Disord 2013. in press. 

31. Behnke S, Berg D, Naumann M, Becker G: Differentiation of Parkinson's 
disease and atypical parkinsonian syndromes by transcranial ultrasound. 
J Neurol Neurosurg Psychiatry 2005, 76:423-425. 

32. Walter U, Dressier D, Probst T, Wolters A, Abu-Mugheisib M, Wittstock M, 
Benecke R: Transcranial brain sonography findings in discriminating 
between parkinsonism and idiopathic Parkinson disease. Arch Neurol 

2007, 64:1635-1640. 

33. Chaudhuri KR, Buxton-Thomas M, Dhawan V, Peng R, Meilak C, Brooks DJ: 
Long duration asymmetrical postural tremor is likely to predict development 
of Parkinson's disease and not essential tremor: clinical follow up study of 

1 3 cases. J Neurol Neurosurg Psychiatry 2005, 76:1 1 5-1 1 7. 

34. Ceravolo R, Antonini A, Volterrani D, Rossi C, Kiferle L, Frosini D, Lucetti C, 
Isaias lU, Benti R, Murri L, Bonuccelli U: Predictive value of nigrostriatal 
dysfunction in isolated tremor: a clinical and SPECT study. Mov Disord 

2008, 23:2049-2054. 

35. Puschmann A, Pfeiffer RF, StoessI AJ, Kuriakose R, Lash JL, Searcy JA, 
Strongosky AJ, Vilariho-Guell C, Farrer MJ, Ross OA, Dickson DW, Wszoiek ZK: 
A family with parkinsonism, essential tremor, restless legs syndrome, 
and depression. Neurology 201 1, 76:1623-1630. 



doi:1 0.1 186/1471-2377-14-54 

Cite this article as: Lauckaite et al.: Ultrasonographic (TCS) and clinical 
findings in overlapping phenotype of essential tremor and Parkinson's 
disease (ET-PD). BMC Neurology 20] A 1454. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at 
www.biomedcentral.com/submit 



o 



BioMed Central 



